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BOND MARKET EFFICIENCY: SOM E DUTCH EVIDENCE 
Erik P. Kroon 
Faculty of Economics and Econometrics, Free University of Amsterdam , De Boelelaan 1105, 
1081 HV Amsterdam, The Netherlands 
This paper tests the weak form efficiency of the Dutch govemment bond market. A sample of 4-weekly data covering 
the period 1970-1990 is examined. On the basis of term structure theory and the efficiënt market hypothesis three 
rationa! expectations hypotheses are derived. These involve the behavior of interest indices, return indices and series 
with the holding period returns of individual bonds. The cmpirical validity of the rational expectations hypotheses is 
not rejected by the analyses of the data. Therefore the claim that the Dutch govemment bond market is at least 
weak form efficiënt cannot be rejected. 
1 INTRODUCTION 
One of the most important and most intriguing hypotheses used in modern research 
concerning capital markets is the efficiënt market hypothesis (EMH). As compared with equity 
markets, research into the efficiency of bond markets (defined here in a wide sense to include 
money markets) has been much less voluminous. Furthermore, the mainstream of bond market 
tests is related to the U.S. market. In contrast with this the equity market studies have been 
much more internationally spread. 
The available studies on the subject of bond market efficiency fall mainly into two basic 
categories: namely "event-oriented" studies and "time-horizon" oriented studies. Event-oriented 
studies examine price movements surrounding official announcements of spedfic kinds of 
information. They are thus concerned with the semi-strong form of the EMH. Price reactions 
after a change in the rating of corporate bonds are analyzed by Katz (1974), Hettenhouse and 
Sartoris (1976), Grier and Katz (1976) and Weinstein (1977). The consequences of earnings 
* This paper is adapted from my Ph.D. thesis. I would like to thank here Hans G. Eijgenhuijsen 
and Herman J. Bierens, my dissertation supervisors. I am responsible for any errors in this 
paper. 
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announcements on the prices of corporate bonds are examined by Davis, Boatsman and Baskin 
(1978). Studies by Urich and Wachtel (1984) and Smirlock and Yawitz (1985) deal with public 
disclosures of inflation figures, figures on the money supply and the official discount rate. 
The procedure adopted by time-horizon oriented studies is that of time series analysis of 
successive movements in prices or price-related variables like interest rates, forward rates or 
yields to maturity. This kind of research focuses on the question whether it is possible to 
improve market forecasts by using past price (or price-related) information and/or other publicly 
available information. Therefore this type of research pertains to the weak and/or semi-strong 
forms of the EMH. Examples which belong to the weak form class are the researches by: Roll 
(1970), Bowlin and Martin (1975), Cargill (1975), Fama (1975), Rogalski (1975), Puglisi [1978], 
Ballendux (1979), Brennan and Schwartz (1982a, 1982b) and Mclnish and Puglisi (1982). Studies 
by Hamburger and Platt (1975), Pesando (1978), Elliott and Baier (1979) and Bomhoff (1983) 
contain elements which address the semi-strong form of the EMH. 
Litzenberger and Rolfo [1984] as well as Conroy and Rendlemen (1987) foliowed another 
procedure grounded on a simple no-arbitrage argument. These authors examine the question of 
market efficiency from the point of view of the so-called law of one price. In essence this law 
asserts that a single bond and a combination of bonds should have identical market values if the 
single bond and the combination provide identical future income streams. If the law does not 
hold, the market can never be efficiënt. 
Finally still another procedure to testing the weak form of the EMH is applied by Shiller 
(1979) and Schotman (1989). They examine the question whether or not the observed volatüity 
of a long-term yield index is too large in companson to its theoretical volatüity on the basis of 
an equilibrium pricing model which assumes that the EMH is valid. 
Elsewhere, see Kroon (1990), the empirical results of the above-mentioned time-horizon 
oriented bond market studies are discussed. There it is concluded that the empirical evidence 
pro or contra the EMH is in general not very unamious and that the mixed results may, at least 
partially, be caused by problems in some studies with the accuracy of the examined data and/or 
with the correctness of the employed equilibrium pricing models. 
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The aim of this paper is to shed more light on the issue of bond market efficiency by 
empirically testing the efficiency of the Dutch government bond market. Because of the necessity 
to limit the study and because of a lack of readily available data, the focus is only on the weak 
form efficiency. The time-horizon oriented approach is adopted. More specifically, using 4-
weekly data material this article is conceraed with the question on the presence of systematic 
patterns in time series with: 
- the changes in interest indices for 4 non-overlapping maturity segments of the market; 
- the excess-returns belonging to return indices for the 4 maturity segments; 
- the excess-returns of 119 individual government bonds. 
The eventual existence of systematic patterns in these time series is an important matter, 
because it would form a serious tfaread to the validity of the weak form of the EMH. Systematic 
time patterns could namely have led to forecasts superior to those of the market as a whole, 
leading in turn to active investment strategies with above-normal returns. On the other hand, 
passive investment strategies with low transaction and search costs should be pursued in an 
efficiënt market. See for discussions of active and/or passive bond strategies: Pring (1981), Fong 
and Fabozzi (1985), Murphy (1987) and Fabozzi and Fabozzi (1989). 
The remainder of this article is organized as follows: section 2 describes the examined data, 
section 3 is devoted to the behavior of interest changes, section 4 to the return indices and 
section 5 to the individual bond returns. Finally, a summary of this article is given in section 6. 
2 THE DATA 
After the top 3 markets in London, Frankfurt and Paris, the Amsterdam Security Exchange 
(ASE) belongs to the important security exchanges in Europe. 
The role of Dutch government bonds on the ASE is more or less of equal importance as 
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the role played by shares. To place this in perspective, at the year end of 1990 the total market 
value of all bonds available for trade on the ASE was 265 billion (i.e. 265 times 109) Dutch 
guilders, of which an amount of 199 billion guilders dealt with bonds issued by the Dutch state. 
The market value of the shares traded on the ASE amounted to 254 billion guilders when the 
shares of investment institutions are included and to 208 billion guilders when these are 
excluded. The turnovers on the ASE are also interesting. During the whole year 1990, Dutch 
govemment bonds and other fixed income securities accounted for a turnover of 167 and 21 
billion guilders respectively, and shares accounted for 148 billion guilders.1 
Data set 1 
Founded on bond guides for the ASE published by the AMRO-Bank, a sample was con-
structed easting of 222 time moments, spread 4 weeks apart, covering the period 1970 through 
the end of 1986. In total, 18,363 price quotations for 150 different Dutch govemment bonds 
were collected. These 150 bonds are all the govemment bonds which were available for trade 
during the entire or part of the 1970-1986 period. 
For each bond loan, separate time series were determined consisting of its yields to 
maturity, 4-weekly holding period returns, terms to maturity, durations and outstanding market 
values. 
Furthermore these data formed the starting point in the construction of a number of 
(market value weighted) representative 4-weekly indices. On the basis of their terms to maturity, 
individual bonds were divided into one of the next four maturity classes: 0 to 3 years, 3 to 5 
years, 5 to 8 years, and 8 or greater than 8 years. For each of these classes this resulted into 
the creation of a yield to maturity index (called hereafter: interest index), a return index, a 
maturity index and a duration index.3 
The figures of: i) the yield to maturities and returns of the individual bonds and ii) the 
interest and return indices, were expressed as continuously compounded percentages. 
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Data set 2 
From January 1990, the CBS (the "Netherlands Bureau of Statistics") uses an improved 
interest index construction method. The new index figures deal with a) the maturity dasses 2 to 
3 years, 3 to 4 years, and so on to the class 9 to 10 years and b) the maturity dasses 3 to 5 
years, 5 to 8 years and 3 to 8 years. The new index figures are available from January 1987 on. 
Here the new CBS-indices are utilized for updating the two interest index series, in data set 
1, dealing with the maturity segments 3 to 5 years and 5 to 8 years. These two updated index 
series which make up data set 2, run till the year end of 1990. 
Illustration 
To illustrate the data material, in particular the index data, the figures 1 to 4 and table 1 
were constructed. 
Figure 1 shows the R58 interest index, which concerns the maturity segment 5 to 8 years. 
Furthennore the figure shows the differences between the other three interest indices (R8G for 
the maturity dass 8 years or greater, R35 for the class 3 to 5 years, and R03 for the dass 0 to 
3 years) and the R58-index. 
Figures 2 en 3 present the maturity ("M") and duration ("D") indices. Finally figure 4 shows 
the X58 return index (the other time series in figure 4 will be discussed in section 4). The X58 
index gives for each 4-weekly period in the sample the holding period return which one would 
have obtained with a representative portfolio of 5 to 8 year bonds. Similar return indices were 
constructed for the other maturity segments. 
Due to a scarcity of shorter term bonds during the seventies, the indices for the 03-
segment do not start before November 1978, while the 35-indices commence in December 1974. 
Table 1 reports some summary statistics of the available data indices. 
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3 THE BEHAVIOR OF THE INTEREST INDICES 
This section begins with a number of theoretical considerations which lead to the martingale 
model for the behavior of interest rates. Then the attention is turned to tests of this model 
using the interest indices in data set 1. At the end of the section the empirical results with 
respect to the two updated interest indices of data set 2 will be briefly reported. 
A model of market equilibrium 
The term structure theories most often encountered in literature are without any doubt the 
pure expectations hypothesis and a number of modifïcations of it which work with risk 
premiums (i.e. liquidity or term premiums). Examples of the latter are Hicks' (1939) liquidity 
preference theory and the preferred habitat theory of Modigliani and Sutch (1966). Here it will 
be assumed, that the market attains equilibrium by using one of these term structure theories. 
These theories, which are all based on the notion of a perfect market, imply that -in the 
equilibrium situation- the market has fixed the current long term interest rate in such a way that 
it is an average of the current 1-period interest rate and the current market expectations of 
future 1-period interest rates. Eventually the risk premium is added to this average. When 
working with continuously compounded rates the relation is as follows:6 
r l + Em(r2) + Ei.(r3) + •••" + Em(r») 
+ L ] 
n 
where t-1 = the current time moment 
.. 7 -
Rn t . j = the current n-period interest rate 
rx = the current 1-period interest rate 
Tj = the future 1-period interest r a te for the i t h per iod after t -1 
E m = the market ' s expectations opera tor as of t ime momen t t -1 
L n = the risk p remium for an n-period loan. T h e p remium is here , for ease of 
simplicity, assumed to b e constant through (calender) t ime. Note : L n = 0 
in case of the p u r e expectations hypothesis) . 
In a similar way the market ' s expectaüon at t - 1 , of the n-period interest r a te prevailing 1 period 
from now will be : 
( E m ( r 2 ) + E i n ( r 3 ) + E m ( r 4 ) + ..... + E m ( r n ) + E m ( r n + 1 ) 
E m ( R n > t ) - + L n (2) 
Together the formulas imply that the market has fixed the current r a t e R n t _ j at such a level 
that: 
E m( r n+l) - r l 
Rn,.-1 = Em(Rn>t) (3) 
If the second term at the right hand side is sufficiently small, this expression reduces to: 
Rn,«-1 = Em^n,. ) (4) 
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Well, under which circumstances is it now reasonable to assume that (4) is an accurate 
approxunation of (3)? First of all this will obviously be the case when Em(rn+1) and rj are of 
about the same size. Furthennore it will be the case when one works with measurement 
intervals having a relatively short length of time in comparison with the term to maturity of the 
long rate in (3). The reason for this is that n must in principle be expressed in terms of the 
number of measurement intervals. Let us, for ease of exposition, assume that one works with 4-
weekly measurement intervals like in the sample of the Dutch government bond market 
described in section 2. In the case of for example the 8 years interest rate, n will take on a 
value of 8x13 = 104 periods. As a consequence, even when Em(rn+1) deviates considerably from 
TV the second term at the right hand side of (3) will be close to zero, because of the relatively 
large size of n. 
In what follows it will be supposed that (4) forms an adequate representation of the 
market's equilibrium pricing process with respect to the four interest indices in possession. 
Market efficiency 
How about the concept of market efficiency in relation to equation (4)? Well, as explained, 
(4) states that the market determines the current n-period interest rate in such a way that it 
equalizes the market's expectation of the n-period rate prevailing 1 period from now. The 
market employs the at t-1 available information-set for making a forecast of Rn t . This market 
forecast, Em(Rnt), is the conditional expectation of Rnt, whereby the conditioning takes place on 
the information-set used at t-1 by the market. This set is a subset of the one with all informa-
tion available at t-1. Under market efficiency the market does not ignore any relevant informa-
tion. Hence, there is no way in which the set with all available information can be used to 
produce a better forecast than the market forecast for Rn t. In other words: if the EMH is true 
and if the market's pricing process is adequately represented by (4), the following rationa! 
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expectations hypothesis, which defines a martingale model for the behavior of Rn t, must be true: 
E(Rn,t) = Em(Rn>t) > 
E(Rn>t) = V - i (5> 
with E denoting the conditional expectations operator where the conditioning is now on the set 
containing all infonnation available at t-1 (in contrast with Effl for which the conditioning is on 
that subset of all infonnation which is used by the market at t-1 when determining its equilib-
rium rates). 
In terms of the interest indices in data sets 1 and 2 the martingale model will be denoted 
as: 
E(Rilt) = Ri,t-i (6) 
where i (= 03, 35, 58, or 8G) indicates the maturity class of the particular indices under scrutiny 
here. 
With regard to the forecasting errors experienced each time by the market when it 
compares the realized interest rate with the interest rate one period earlier, the martingale 
model (5) or (6) has as important testable implication that these errors may not be correlated 
with any infonnation available one period earlier. More spedfically: a) a forecasting enor may 
not be autocorrelated with past forecasting errors and b) a forecasting error may not be 
correlated with any other infonnation which was publicly accessible in the past. Tests of 
qualification a) are weak form tests of the EMH, while tests of qualification b) are tests of the 
semi-strong form of the EMH. Several of the earlier mentioned time-horizon oriented studies 
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provide conflicting evidence on the empirical validity of these martingale qualifications. For 
example evidence in favor of the martingale model is gjven for U.S. data by Bowlin and Martin 
(1978) and Elliott and Baier (1979), for Canadian data by Pesando (1978) and for data relating 
to several countries by Mclnish and Puglisi (1982). On the other hand U.S. evidence against the 
martingale model is presented by Rogalski (1975) and Puglisi (1978). 
In the remainder of this section the focus will be on the validity of qualification a) for the 
Dutch sample data in possession. 
Data set 1: in search of a suitdble test equation 
A practical problem here is that (6) leaves the question open as to the correct specification 
of the market's forecasting errors. Therefore alternative test equations of (6) are possible. The 
most straightforward possibility would be, defining IL
 t as the market's forecasting error for 
segment i and period t, to use an additive specification of the form: 
** = <* + V i + U M > 
ARM = a + UM (7) 
The forecasting error process {U i t} is assumed here to be an element of an (at least weakly) 
stationary and linear process with an (unconditional) expectation of zero and with a finite 
Q 
variance. Note that the martingale model implicates that a equates zero and that the forecast-
ing error process is not autocorrelated. 
As argued by for instance Taylor (1986), an important consequence of the stationari-
ty/linearity assumption made above is, that the conditional variance of the forecasting errors 
must be homoscedastic. Furthermore this variance is required to be finite. Remark that these 
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requirements have nothing to do with the martingale model itself. Still they are made here. The 
reason is that the applied autocorrelation tests are founded on such requirements. In addition, a 
specific autocorrelation test will also be applied, which requires in theory that the forecasting 
errors come from the normal distribution. Since the investigations here deal with relatively large 
time series, the impact of small departures from the normality assumption are not likely to be 
very dramatic. 
Equation (7) was for each maturity segment i first examined by means of a number of 
misspecification tests aimed at detecting heteroscedasticity and non-normality of the forecasting 
errors. These tests, as well as the estimation methods (i.e. OLS and WLS) applied in this article, 
are briefly indicated in the appendix to this article. The appendix -see table A- also reports the 
outcomes of the above-mentioned misspecification tests of (7) for the 58-segment. The oütco-
mes with respect to (7) for the other segments are not given in the appendix, because they 
exhibited in large Unes the same kind of patterns as those for the 58-segment. To sum these 
up: the misspecification tests detected violations for all four segments i of the homoscedasticity 
assumption and for all segments, except the 03-segment, they detected violations of the normality 
assumption (in particular leptokurtic error distributions were observed). 
In order to understand the causes of these violations, figure 5 has been prepared. This 
figure shows the first differences of the R58-index. 
Visual inspection of figures (1) and (5) suggests a proportional relation between the 
Standard deviation of the forecasting errors and the height of the interest rates over time. 
During the first and last parts of the 1970-1986 sample period, interest rates are relatively low, 
as are on average the absolute values of the observations in figure 5. On the other hand during 
the midth of the total sample period, the interest rates are relatively high, as are on average the 
absolute sizes of the observations in figure 5. This relation forms a possible explanation of the 
significant Koenker heteroscedasticity statistics with respect to (7) in table A of the appendix. 
The violations of the normality assumption are caused by a number of outliers. These 
outliers may be considered as relatively small in number and relatively small in size, so that 
there are probably no serious problems to be expected in this area. The outliers across the 
various segments are related to the same 4-weekly calendar periods. These can be traced down 
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to situations of great economie uncertainty. They occurred during the 4-weekly sample periods 
(see also figure 5) t = 51 (late part 1973: first oil crisis), t = 114 (late part 1978: lowest point 
in Amsterdam since World War II reached in the value of the U.S. dollar), and t = 132 and 
t = 134 (both early part 1980: exceptional changes in the international interest rate levels trig-
gered by domestic U.S. monetary policy). Remark that the finding that the nonnality assumption 
cannot be rejected for the 03-segment is likely to be caused by the fact that the observations of 
this segment begin shortly after t = 114. Lastly remark that the outliers at t = 132 and t - 134 
are most likely to have also caused the significant ARCH-statistics in the second column of table 
A in the appendix. 
Clearly test equation (7) of the martingale model (6) can be improved in order to overcome 
the observed heteroscedasticity problem. The above described relation between the height of the 
interest rates and the Standard deviation of the errors in (7) strongly suggests to measure the 
market's forecasting errors not in tenns of interest changes per se, but instead in terras of 
relative changes AR- t /R i t l or, which is almost the same, in tenns of a multiplicative specifica-
tion of the market's forecasting errors! These alternatives to (7) can be expressed as the 
following two rivalling test equations: 
* W l = <* + UM (8) 
and 
Rj,t « a V R ^ ^ M > 
L N O V ^ M ) = a + UM (9) 
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where e is the base figure of the natural logarithm, LN denotes the natural logarithm and with 
respect to (9) a = LN(Q') . Again it is assumed that the error processes {U; J in both equations 
(8) and (9) are (at least weakly) stationary linear processes with an (unconditional) zero-
expectation and a finite variance. Note that the martingale model (6) again implicates that these 
error processes are not autocorrelated.10 Note also that (8) and (9) are almost identical 
specifications. The only difference lies in the manner in which they express relative interest 
changes. In (8) the relative changes are measured in terms of discretely compounded rates, 
whereas (9) works with rates based on the continuously compounding method. For rather small 
relative changes, as is ordinary the case with the data material under scrutiny here, there is not 
much fundamental difference between both approaches. As a consequence one may expect that 
the empirical test results will be approximately the same for both specifications. 
For (8) as well as (9) the results for the 58-segment of the misspecification tests for 
heteroscedasticity and non-normality are given in the last columns in table A in the appendix. It 
is interesting to witness that the homoscedasticity assumption is now not rejected by the data 
and that, despite of an increased asymmetry, the joint Kiefer-Salmon normality-statistics are 
somewhat more favorable. 
Below some other empirical results belonging to specification (9) will be discussed. Lack of 
space forbids to report the results for (8) as well. The choice is fallen on (9), because of its 
somewhat more favorable normality-statistics. Suffice it to remark here that as was to be 
expected the test results for (8) do not differ in any essential way from those for (9). 
For all four maturity segments the upper panel of table 2 in the main text reports the 
estimates for a and the Standard deviation, denoted by av, of the forecasting errors. Table B in 
the appendix lists the results of the misspecification tests of (9). 
At the 5% level of significance rejections of the homoscedasticity assumption only occur 
with the 03-segment. However these are not sustained at the 1% level. The situation is 
somewhat more problematic with the normality assumption. It is only accepted in case of the 03-
segment. Like for the 58-segment it must be rejected for the 35- and 8G-segments at the 1% 
significance level. The earlier mentioned outlier periods t = 51, t = 114, t = 132 and t = 134 
are responsible for these rejections. As indicated earlier, these observed departures from the 
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nonnality assumption are only small and not likely to have a serious impact on the reliability of 
the other test results. Therefore, an acceptable point of view is that not a too big mistake is 
made by saying that the forecasting errors in (9) are approximatery normally distributed. 
Statistical tests on autocorrelaüon 
Let us now devote our attention to the autocorrelation issue. First some theoretical 
backgrounds of the applied statistical tests will be highlighted. This is done without any specific 
reference to test equation (9), because the same tests will also be utilized in later sections of 
this article. Therefore the discussion deals here with a genera! time series regression model 
which fulfils the assumptions underlying the OLS-technique. The OLS-estimate of the market's 
forecasting error or disturbance for period t in such a regression model is signified below as the 
residual et. 
Sample estimates, denoted below by rk, of pk, the theoretical lag k autocorrelation 
coëfficiënt of the forecasting error process, were computed for the lags 1 through 13. Anderson 
and Walker (1964) have demonstrated that, under the null hypothesis H^ pk - 0, rk asymptoti-
cally follows the normal distribution with an zero-expectation and a variance of l/N. This 
asymptotic distribution was used for establishing the significance of the computed rk's. 
In addition to the tests of the individual significance of the autocorrelation coefficients, two 
rivalling portmanteau tests of the joint significance of any observed autocorrelation in the first 13 
lags were carried out. These are a test as described by Ljung and Box (1978) and a test as in 
Godfrey (1978a, 1978b). Under the null hypothesis of no autocorrelation both tests are 
asymptotically distributed as the chi-squared distribution with 13 degrees of freedom. 
The Ljung-Box test makes use of the asymptotic nonnality of the individual distributions of 
rk and of their asymptotic independence. lts statistic is computed as N(N+2)JS(rk)2/(N-k), where 
the summation runs here from lag k = 1 to lag k = 13. The Godfrey test is a test of the 
Lagrange multiplier type. The test assumes a normally distributed error function. lts statistic is 
computed as N.R , where R is the uncentered coëfficiënt of determination of an auxiliary OLS-
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regression. In the auxiliary model is et regressed against the explanatory variables in the original 
regression model (used to estimate the et's; in case of model (9), the only explanatory variable 
happens to be the constant a) and, at the same time, against et.x, et.2, et.3, »en3-
Finally under the nonnality assumption, it can be shown that the Ljung-Box test is 
asymptotically equivalent with the Godfrey test.11 However their small sample properties may be 
quite different. For this reason both tests were carried out. 
Data set 1: the evidence on the EMH 
Let us then now turn to the outcomes of the autocorrelation tests for data set 1. Table 2 in 
the main text contains these too. 
The table shows that the pk-estimates are all having values in the neighbourhood of zero. 
None of the pk-estimates is significant at the 5% level of significance. The same holds for the 
Ljung-Box and Godfrey statistics. These are all below the critical 5% value of 2236. 
These results allow only one condusion to be drawn: for each segment i the errors 
supposed to be experienced by the market when it forecasts future interest rates, are not 
autocorrelated. Therefore the reported evidence forms a strong argument in favor of the EMH, 
provided of course that the market's equilibrium pricing process is adequately captured by 
equation (4). 
Data set 2: empirical results 
The analyses of the two extended interest indices further confirm the results obtained above 
for data set 1. 
Again it appeared that test equation (7) does not survive the misspecification tests for 
heteroscedasticity12 and that this problem is absent in case of test equation (9). As in data set 1 
the nonnality assumption with respect to (9) is formally rejected by the Kiefer-Salmon tests. 
/ ; . 
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Again the outliers during the 4-weekly periods t = 51, t = 114, t = 132 and t = 134 are 
responsible for this. The results of the misspecification tests for equation (9) and data set 2 are 
reported in the last two colums of table B in the appendix. 
The results of the autocorrelation tests are reported in the last two columns of table 2. 
There is now one significant statistic. It concerns the estimate for the 35-segment for p6, which 
is with a value of -.14 just significant at the 5% level. All the other autocorrelation statistics are 
insignificant at the 5% level. Hence there is no need to alter the conclusion made above on the 
basis of data set 1. The examination of the two updated interest indices also forms a strong 
argument in favor of the EMH. 
4 THE BEHAVIOR OF THE RETURN INDICES 
This section examines the return indices in data set 1. It is however first necessary to 
commence with a few remarks about a genera! alternative approach for testing the EMH. 
A general alternative approach for testing the EMH 
An alternative way for investigating the empirical relevance of the weak form of the EMH 
exists of time series analysis of the holding period returns of a security or portfolio of securities. 
This approach corresponds closely to the approach most often encountered in the literature 
about tests of the EMH regarding the equity market. 
Following Fama (1970, 1976) the idea is that the market determines, on the basis of a 
subset of available information, the chance distribution for the future price of any security. 
Given its future price distribution, the current equilibrium or market price of a security is 
supposed to be determined by the market in such a way that the market expects to earn during 
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the coming period a normal rate of return. This normal rate is the rate of return required by 
the market participants for holding the security and it reflects the risk involved in holding the 
security. The formula below expresses the pricing mechanism: 
VJXt) « Mt (10) 
where X, = the security's return during period t13 
Em = as before, the market's expectations operator as of t-1 (the operator gives 
thus the conditional expectation on the basis of the information-set used by the 
market at t-1) 
Ht = the market's normal rate of return for period t. 
By virtue of market efficiency, the expectations of the market are rationa!, so that E(Xt) = 
Em(Xt). As before E is denoting here the conditional expectation based on the information-set 
containing all available information at the current time moment t-1. 
The consequence of the discussion above is that, given market efficiency, the following 
rationa! expectations hypothesis must hold: 
E(Xt) = /xt (11) 
This model implies a forecasting error or excess-retum, Ut, made by the market at t-1, but not 
observable before the end of period t. Let us, as it is more or less Standard in the literature in 
this area, work here with an additive specification of the forecasting error: 
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X, - /i» + U t (12) 
The efficiënt market condition (11) has then as important testable implication that the 
market's forecasting errors resulting from (12), may not be correlated with any information 
available one period earlier. In specific, and of special interest in this study, the process {U,} 
may not be autocorrelated. Thus tests of the autocorrelation characteristics of {UJ may be 
considered as weak form tests of the EMH, provided of course that -given a specific value for 
p t- the market's pricing mechanism is adequately represented by (10). 
The above-described framework is a general one. It is virtually always employed in tests of 
the efficiency of the equity market. Curiously enough, prior work in the area of bond market 
efficiency adopting the very same approach is limited. Some examples of the latter are however 
to be found in the studies by Roll (1970), who examines the holding period returns of U.S. 
Treasury Bills, and Brennan and Schwartz (1982a, 1982b), who examine the holding period 
returns of U.S. coupon-bearing bonds. 
The remainder of this section, as well as the next section, are founded on the general test 
approach depicted above. The remainder of this section focuses on the empirical behavior of the 
return indices. The next section is devoted to the return behavior of the individual bonds. 
Finally before we continue with the actual return analyses, it is necessary to make the 
following remarks in order to avoid needless misunderstandings. It must be emphasized here 
that the tests of the EMH which are based on (12) and the tests carried out in the previous 
section cannot be regarded as being independent tests of the EMH. Both types of tests are 
aimed at examining different implications of the EMH. The same economie, politica!, etc. factors 
that cause an observed interest rate to deviate from its market expectation, will also have an 
impact on the likelihood that an observed holding period return differs from its market 
expectation. Beforehand the question of how strong the dependency is between both types of 
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tests is difficult to answer. This is also in the first place an empirical issue in which the 
remainder of this article is giving some interesting insights. 
Specification of the normal return 
Let Xj
 t designate the return figure during period t for return index i and let \ix t = Em(Xj t) 
designate the market's normal return for this index i for period t. With respect to the problem 
of how to specify the normal return a simple one-factor model is used here, in which \ixX is 
assumed to be a positive linear function of the height of the interest index for the maturity 
segment i at the beginning of period t: 
/iM = a + iSJlj M , with 0 > 0 (13) 
The theoretical justification of this expression rests upon the same kind of equilibrium term 
structure theories as those used in the previous section for the justification of the martingale 
model for interest rates. For instance if the pure expectations hypothesis without risk premiums 
is true then assuming a perfect market, the market expectation for the coming holding period 
return on any portfolio of ordinary (Le. free of call and conversion options) govemment bonds is 
equal to the current 1-period interest rate r r If in addition it is assumed that the market 
experts future 1-period interest rates to be the same as the 1-period rate now, the current term 
structure will have a flat shape. As a consequence fi^t in (13) is equal to 1/13 times the height 
of the current flat term structure to be estimated, for instance by means of Rit.x. The factor 
1/13 arises here because R i t -1 is expressed as an annual percentage, whereas /xit is expressed as 
a 4-weekly percentage, i.e. as a percentage for a period of 1/13* of a year. 
Let us recapitulate the discussion above. A possible justification of the normal return 
specification (13) rests upon the pure expectations hypothesis without risk premiums together 
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with the flat term structure assumption. In this case the restrictions a = 0 and 0 = 1/13 are 
also implied. Elsewhere it is shown that (13) can also arise as the (approximate) result of 
specific modifications of the pure expectations hypothesis which work with risk premiums. In 
these latter cases the mentioned coëfficiënt restrictions need not to be true, nor is the flat term 
structure assumption required. See Kroon (1990, chapter 6) for a more extensive and technical 
discussion of possible justifications of (13) resting on the pure expectations hypothesis with or 
without risk premiums. 
The heteroscedasticitv problem 
Combining (12) and (13) yields the return model that: 
*M - * + ^ + UM (14) 
where f3 consequently has to be positive. Note: IL
 t signifies now the market's forecasting error 
or excess-return with respect to return index i and period t. 
Recall that, when (13) is approximately true, the EMH implies that the excess-return 
process {U=t} in (14) has to be a stochastic process without any autocorrelation. 
As explained in section 3, minimal qualifications necessary with the eye on the applied 
autocorrelation tests, are that the process {U^J must be (at least weakly) stationary and linear 
with an (unconditional) zero-expectaüon and a finite variance. As argued before, an important 
implication of these requirements is that the conditional variance of the excess-retums must be 
homoscedastic 
However (14) is not likely to be a very suitable test equation of the EMH, because the 
excess-retums are unlikely to be homoscedastic For a justification of this statement it is 
necessary to call upon the theory of bond price dynamics. If one is inclined to make the 
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simplifying assumption that only small parallel shifts of the entire term structure can occur, the 
literature on duration -see for example Ingersoll, Skelton and Weil (1978)- shows that (in case 
of continuously compounded interest rates): 
AP 
T « -D.AR (15) 
where P and D are the market price and duration respectively, of a bond or bond portfolio just 
before the term structure shift, AP is the instantaneous price change due to the term structure 
shift, and AR is the size of the parallel shift along the entire term structure. The left hand side 
of the equation above consequently gives the instantaneous discretely compounded rate of return 
caused by the shift AR. However for small rates of return (recall the assumption made that AR 
must be small), there is not much difference between discretely and continuously compounded 
rates of return. Hence the continuously compounded rate of return caused by AR is also 
approximately equal to -DAR. 
The previous section was founded on the notion that the market does not foresee any 
interest rate changes. Let us assume that this is indeed true. Recall that the evidence in the 
previous section forms a point in favor of this notion. Let us furthermore maintain the 
simplifying assumption of only small parallel term structure shifts, and let us in addition assume 
that, if there is a parallel term structure shift during period t, the shift occurs just after the 
current time moment t-1. The consequence of all these conventions is that for a given maturity 
segment i, an unforeseen term structure shift during period t goes hand in hand with a by the 
market unexpected holding period return for period t of: 
Xi,t * -LVi-ARi.t (16) 
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where X ; t denotes the by the market unexpected return for segment i during period t caused by 
the parallel term structure shift during period t. This shift is in case of segment i measured by 
ARj
 t. The notation Dj ul stands for the duration of segment 1 at t-1. Clearly Xj t is on an ex-
post basis a component of the observed excess-return IL, in (14). This component is even likely 
to constitute a very large part of the excess-return, if the assumptions made are not too 
unrealistic. The reason is that interest rate changes must by far be the most dominant factor for 
causing short term changes in the market value of any well-diversified bond portfolio such as 
those underlying the return indices. 
The question of how large a part of the excess-return is prerisely made up of Xj
 t, is in the 
first place an empirical matter. To gain insight in this matter, the next ex-post return model was 
estimated for each segment i: 
Xi.t - « + /^.t-i + irX>i)t.1^Ri,t + v i t (17) 
where vs t is a disturbance term. Note that (17) is the ex-post version of the ex-ante model (14), 
when use is made of the relation (16); and note that 7 should have a theoretical value of -1. 
Table 3 gives an overview of the estimation results for (17) obtained by means of the OLS-
method (note: CTV signifies the Standard deviation of v i t). The estimates for 0 all appear to 
posses a significant positive value. This corresponds with the coëfficiënt restriction in equation 
(10) with regard to f}. For the 58- and 8G-segments the 7-estimates are highly significant and 
they are reasonably close to their theoretical value of -1. Moreover in case of the two segments 
at the long end of the maturity spectrum, one may speak of an almost perfect goodness of fit. 
For the shorter term 03- and 35-segments, the above-stated findings hold to a somewhat lesser 
extent: the 7-estimates -highly significant though- deviate somewhat more from the value -1 and 
the goodness of fit of the equation is somewhat lesser too. ' 
Still the results in table 3, also those for the shorter term to maturity segments, definitely 
suggest that the conditional variance of the excess-returns in (14) will not be homoscedastic. 
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There is likely to exist a strong proportional relationship between the Standard deviation of the 
excess-returns and the product of Dj
 ul and Rj t . j . Based on the high goodness of fits reported in 
table 3 namely, not a too big mistake is made by stating that the forecasting errors or excess-
returns in (14) can be expressed as: 
U(14).
 t « T^V-ARi, (18) 
where the notation U(14) is used to signify that the return forecasting errors in expression (14) 
are explicitly meant here. Employing the Gndings in the previous section, it is possible to rewrite 
this expression. One of the findings there was (in particular, recall equation (8) and footnote 10) 
that: 
ARi,t - Ri,t-l-U(8)M (19) 
where, in line with the earlier introduced notation U(14), the notation U(8) refers to the interest 
rate forecasting errors IL
 t as specified in (8). Recall that these forecasting errors in (8) were 
found to be homoscedastic Combining (18) and (19) gives then: 
U(14)i>t m T J V I - V I - U W U (20) 
which can be alternatively written as: 
/', 
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U(14)M « D ^ J ^ - U y (21) 
where IL
 t symbolizes now the adjusted excess-return with an assumed homoscedastic variance. 
Remark that, because the U(8) j t errors are homoscedastic, the same must hold for the U i t 
errors in (21). Equation (21) thus states that the excess-returns in (14) are heteroscedastic, 
because of a proportional relationship between on the one hand, the conditional Standard 
deviation of the (unadjusted) excess-return during period t and on the other the product of 
Di,t-i «** Ri,t-l-
Expression (21) suggests in turn to model the heteroscedasticity in (14) as follows: 
U(14)i>t m R. ^  (22) 
The duration indices, see the earlier presented figure 3, exhibit a relatively stable behavior over 
time, though the D8G-index is perhaps excepted. Therefore the U^ errors in (22) will be 
approximately homoscedastic too. 
The arguments gjven above suggest two alternatives to equation (14) in order to overcome 
the heteroscedasticity problem with the excess-returns. On the basis of (22) the first alternative 
is the test equation: 
^ = o + 0 ^ + R^XJ^ , with p > 0 (23) 
The second alternative uses (21) and is the test equation: 
- 25 -
Xi t = a + fiJLUul + D ^ J l ^ . U i , , with /? > O (24) 
In both cases the processes {U-1} are assumed to be (at least weakly) stationary and linear with 
an (unconditional) zero-expectation and a finite variance. 
Forma! selection of a suitable test eauation 
So far the arguments for the composition of the variance function have primarily been 
founded on the results of the ex-post analyses. No empirical evidence was presented yet in terms 
of misspecification testing of the ex-ante return equations. Moreover there is still the related 
issue regarding the empirical validity of the normality assumption for the error distributions. Let 
us then now turn to some empirical results with regard to these points. 
With respect to the differences between the three rivalling test equations (14), (23) and (24) 
the outcomes of the misspecification tests for heteroscedasticity and non-normality reveal in large 
lines the same kind of patterns across the four different maturity segments under scrutiny. 
Therefore the appendix reports only results for the 58-segment. See table C in the appendix 
(recall that figure 4 displayed the X58-index). As was to be expected table C in the appendix 
demonstrates that the errors in (14) are not homoscedastic, while this problem is absent in case 
of equations (23) and (24). These both seem to be quite acceptable models, except for the fact 
that their error processes are formally speaking non-normally distributed. The distributions are 
negatively skewed and leptokurtic Thus the same type of problem as that encountered with 
equations (8) and (9) in the previous section is again encountered here. The non-normality is 
here too caused by a handful of extreme observations. These coincide with the same 4-weekly 
sample periods as the outliers met in the previous section. This is of course not a very 
astonishing finding given the close relationship, recall equations (20) to (22), between the errors 
in (23) or (24) and those in (8) or (9). 
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The issue which of the equations (23) or (24) is to be preferred is actually not a very 
relevant matter, because there is not much difference between them. Below the preference will 
be given to test equation (24). The reason is that it is the more general model which does not 
require that the duration figures remain relatively stable over time. 
Finally, table D in the appendix shows, for all four maturity segments, the outcomes of the 
misspecification tests for heteroscedastiaty and non-normality with respect to test equation (24). 
There are no signs of heteroscedastiaty. In all the cases, but the 03-segment, the nonnality 
assumption is formally rejected by the Kiefer-Salmon statistics. However just like in the previous 
section, the observed non-normality is not very dramatic. Therefore there seems here too no 
need to dispute the reliability of the employed test procedures. 
The relation between returns and interest changes: some additional remarks 
Before the estimation results of (24) are scrutinized, it is advisable to make first some more 
remarks about the observed ex-post relation between the return indices and the changes in the 
interest indices. 
Given the results in table 3, it is obvious that there must be a very close correspondence 
between the U1 t's in (24) and those in (9). As a result the aspects of the distributions generat-
ing these errors will in large Unes be the same. Thus as was already established earlier, the test 
statistics of the nonnality assumption for instance, are much alike. Moreover tests of the EMH 
which are based on (24) and the tests in section 3 which were based on (9) must be almost 
perfectly dependent tests. In specific for a given segment i one can hardly expect to find 
essential differences between the findings of the autocorrelation tests for the error process in 
(24), which will be reported below, and those reported earlier in table 2 for the error process in 
(9). 
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The EMH: the evidence 
Under the assumption that the normal return model (13) is approximately true, the EMH 
implies that the process {U i t} in (24) faas to be a stochastic process without any autocorrelation. 
Now, the statistical results with respect to (24) deserve attention. 
Table 4 contains for all maturity segments the estimation results of (24). First of all, the 
table lists the a- and /?-estimates and the estimated Standard deviation, au, of the errors. The 
17 
equations were estimated by means of the WLS-method. For illustrative reasons the earlier 
presented figure 4 contains, besides the holding period returns of the 58-segment, their fitted 
values, consequently the normal returns on basis of the for this segment estimated equation (24). 
In none of the cases the a-estimates differ significantly from zero. More important is the 
fact that the /3-estimates are all highly positive. In this respect the normal return model (13) is 
well-supported by the data. 
With regard to the estimated autocorrelation coefficients only one of these happens to be 
significant at the 5% level of significance. It concerns the outcome of 21 for p9 with respect to 
the 03-segment. This outcome is however not significant at the 1% level. None of the Ljung-
Box and Godfrey statistics are significant at the 5% level. 
The empincal results regarding the examined return indices also allow only one firm 
conclusion to be drawn: the excess-returns of the indices cannot be forecasted -in a linear 
forecasting sense- on the basis of their history. Therefore the reported empirical results are 
constituting a strong argument in support of the EMH, provided the normal return model (13) 
is approximately true. 
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5 THE BEHAVIOR OF THE RETURNS OF THE INDIVIDUAL BONDS 
Of the 150 individual bonds in data set 1 there are 119 bonds of which the 4-weekly returns 
series contain at least 50 observations. This section investigates these series. The other return 
series were not examined. It was feit that they were not lengthy enough for drawing proper 
statistical inferences. 
Still another remark which must be made here is that the examination results of the 119 
bonds are much too voluminous to report in detail. Therefore only the most important results 
will be highlighted.18 
Speciiication of the normal return 
In the tests of the EMH dealing with the return series of individual bonds, the general 
return model (12) is again forming the starting point. 
Let Xj t symbolize the return during period t for bond j and let nt = Em(X-t) designate 
the market's normal return for this bond during period t. A possible solution to the problem of 
how to specify the normal return is to work here, analogous to equation (13), with a model in 
which /ij, is linearly (and positively) related to the interest rate level at the start of the period 
under consideration: 
^
 t = o + p J^ t . j , with 0 > 0 (25) 
where one Iets the interest index to be used depend on the bond's term to maturity at time 
moment t-1. For example: when the bond would at t-1 have a term to maturity of 6 years, one 
would replace Rjt.j in (25) with R58t.j. Or when the term to maturity would be 4 years, one 
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would use RSS^j. 
Assuming a perfect market, it is possible to justify the (approximate) validity of (25) for an 
ordinary government bond (i.e. a government bond without any option features) in a marnier 
which is in essence identical to the earlier indicated justification of (13) [see Kroon (1990, 
chapter 6) for more details]. 
However, specification (13) was (implicitly) based on the notion that the averaging process 
underlying the construction of the return indices cancels out the influences of market imperfec-
tions and option features (i.e, call or conversion features) which many of the individual bonds in 
the sample possess. However, in the case of an individual bond the normal return specification 
should surely take these influences into account. 
A simple adjustment is based on the difference between Y,
 w , Le. bond's j yield to maturity 
at t-1, and R:
 t.i> The idea is that this difference tells the market all it thinks to need for 
adjusting (25). When this difference is now positive, the market expects for the next period to 
earn more than specified by (25). When it is negative, the market expects to earn less than 
given by (25). Any systematic time pattern in these differences will be neglected in the applied 
adjustment of (25) and is thus in the end treated as a possible manifestation of market 
inefficiency. 
Assuming a positive linear relation between the normal return and the difference Y=
 M -
R j ^ , the specification of the normal return obtained is:19 
liit = o + p^^ + 7.(Yj>t_i - Ri,t-i) , with 0 > 0 and 7 * 0 (26) 
A practical handicap with (26) is the fact that, as was already indicated in section 2 where 
the data were described, the figures of the R03- and R35-indices are not available for the entire 
1970-1986 sample period. For this reason it was impossible to let always bond's j term to 
maturity at t-1 determine the interest index R ^ in (26). It was decided to work always with the 
R58-index, so that: 
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jtijt = a + fi.~R58ul + 7-Sjn , with 0 > 0 and 7 £ 0 (27) 
where S:
 t.j = Y= t_j - R58t_v Below, the variable S= t -1 will be called bond's j yield spread. 
The heteroscedasticitv problem: an ex-post anatvsis 
Employing the appropriate notation, the combination of (12) with (27) results into the 
return model: 
Xj
 t = a + PR58iml + 7-Sj n + Uj t , with 0 > 0 and 7 2: 0 (28) 
Note: U-1 denotes the market's forecasting error or excess-return for bond j and period t. Recall 
that the EMH then implies that {UJ
 t} must be a process without any autocorrelation. 
The excess-retums in (28) are however not very likely to be homoscedastic. In principle, 
one can identify two reasons for this. The first is in fact identical to the reason why the excess-
returns of the return indices are heteroscedastic For any individual bond as well the (absolute) 
sizes of its excess-retums will depend on the (absolute) sizes of contemporary interest rate 
changes. Assuming parallel term structure shifts and realizing that in this section the R58-index 
is applied as indicator of the interest rates, there must exist, analogous to expression (16), an ex-
post relation between U=t in (28) and the product of D - t l (i.e. bond's j duration at t-1) and 
AR58t. On an ex-ante basis this means that the excess-return in (28) must possess a time-
dependent component equal to D.
 ti>1JR58t,. 
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The second reason deals with the relation between bond's j excess-returns and contempor-
ary changes in the bond's yield spreads. Model (28) assumes that these changes, AS-t = S:t -
S:,_!, cannot be predicted by the market. Hence the impact on X
 t of a yield spread change will 
then go via the excess-return. How the precise ex-post relation between the excess-return and 
AS;, looks like, and how this is effecting in an ex-ante context the Standard deviation of U ; , in 
(28) are in the first place questions of an empirical nature. 
In order to gain a better insight in the factors influencing the conditional Standard deviation 
of the excess-returns in (28), a number of ex-post analyses were carried out. Table 5 gives an 
overview of these. 
Four different ex-post versions of (28) were estimated. This happened each time' by 
application of the OLS-method. Table 5 reports for each ex-post version its overall performance 
in terms of the average of the 119 computed R -statistics. 
The outcomes of model 1 are for a number of reasons interesting. First of all the very high 
goodness of fit of the model is noticeable. Secondly the (not listed) coëfficiënt estimates for the 
third (i.e. D=
 t_rAR58t) and fourth (i.e. Dj t.j.ASj t.j) explanatory variable appeared each time to 
lie close to the value -1. Finally the t-values of the coëfficiënt estimates showed that there 
usually exist strong (and in all cases positive) relationships between X t on the one side and 
R58t.j and S| t-1 on the other. However these relationships appeared to be relatively weak in 
comparison to the very strong (and negative) relationships between X
 t and the third and fourth 
explanatory variables in model 1. 
The average R2-statistics of models 2 and 3 make it clear that, roughly speaking20, on the 
average about 80% of the total variation in the 4-weekly returns of a bond can be attributed to 
the variable Djt.1.AR58t. Variable Djt_j.ASj>t accounts on the average for something like 20%. 
These figures (80% and 20%) must really be seen as averages across bonds. For instance the 
highest observed R2 for model 2 was 96.9%, while the lowest had a value of only 26.9%. For all 
bonds, the R2 for model 1 was 98.2% or greater. 
The ex-post model 4 differs from model 1 because of the omission of the duration term 
(D=
 t,j) in the last two explanatory variables. This omission reduces the average R by something 
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more than 1YI%. From this it can be concluded that the duration of a bond is an important 
factor when linking the returns of a bond with contemporaneous changes in interest rates and in 
the bond's yield spreads. 
Summarizing the findings above: the following approximate ex-post expression for the 
excess-returns in (28) is strongly suggested by the ex-post analyses: 
Ujlt * - V r ^ t -Dj.t-l-ASj.t (29) 
Formal selection of a suitable test eauation 
Below the idea is applied that in an ex-ante context the conditional Standard deviations of 
both variables AR58t and AS: t are time-dependent, because of a proportional relationship with 
R58J.J.22 The next ex-ante version for the excess-return in (28), referred to below as U(28)j
 t, is 
then obtained: 
U(28)jit = D^.RSS^.Uj, (30) 
in which the error lL t now represents the adjusted excess-return with an assumed homoscedas-
tic variance. To be more precise {Ujt} is assumed to be an (at least weakly) stationary and 
linear error process with an (unconditional) zero-expectation and finite variance. 
Together expressions (28) and (30) yield the ex-ante return model: 
Xj>t = a + 0X58^ + 7-Sj^.! + Dj j_j.R58tj.Uj t , with /3 > 0 and 7 £ 0 (31) 
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This test equation of the EMH forms an altemative to equation (28). Note that (31) can be 
estimated by means of the WLS-method. 
Just like this was done with the test equations in the previous sections, equation (31) was 
submitted to misspecification testing for heteroscedasticity and non-normality. The findings can 
be summarized as follows. 
Carried out were with respect to each bond j , 15 misspecification tests for heteroscedastici-
ty.23 Test equation (31) performed remarkably well on these tests.24 Of the 119 bonds 66 passed 
all of these tests at the 5% level of significance. At the 1% level this happened for 99 bonds. 
Thus 20 of the 119 bonds did not survive on or more of these tests at the 1% level. This may 
be seen as a very good result. Certainly if one realizes that the tests were evaluated in isolation 
from one and another. The overall significance level is likely to differ considerably from the 
significance level employed in the individual tests. To conclude: for a large majority of bonds the 
variance function in (31) seems to be reasonably accurate. It is hoped that possible misspecificat-
ions of the variance function of some bonds are not disturbing the main conclusions to be made 
hereafter. 
The outcomes of the tests for non-normality gave a clear-cut impression. Generally speaking 
the error processes in (31) are formally not normally distributed. The empirical distributions are 
usually negatively skewed and leptokurtic. The Kiefer-Salmon joint statistic was non-significant at 
the 5% (1%) level for only 25 (35) bonds. Further examination showed that the non-normality is 
primarily caused by outliers during the 4-weekly sample periods t = 51, t-114, t = 132 and t = 
134. Thus, as was more or less to be expected, the same outlier periods as those identified in 
case of the interest and return indices are again causing some problems here. Fortunately, just 
like the situation for the indices, the observed departures from the normality assumption are not 
very dramatic. 
- - 3 4 -
The EMH: the evidence 
The collective explanatory power of the variables R58t.j and S; t_j in (31) generally appeared 
not to be very high (recall also footnote 20). This is on itself not a very astounding finding. 
More important is that in all 119 cases the ^-estimate possesses a positive value. The estimates 
of 7 are as a rule also positive. They are negative for 20 bonds. None of these negative 7-
l 
estimates has a t-value below -1.65, which is the critical value of the t-distribution for a large 
sample in case of a 5% left one-sided rejection regjon. One and another means that the 
coëfficiënt estimates for all 119 bonds are consistent with the constraints in the normal return 
model (27) that 0 > 0 and 7 £ 0. 
Let us now turn to the autocorrelation qualities of the error process in (31). Just like this 
was done with the analyses of the indices, the autocorrelation coefflcients of {Ujt} were 
estimated for lags of 1 to 13 periods. Alltogether 119x13 = 1547 autocorrelation coefficients 
were estimated. When the errors are, as is implied by the EMH, indeed generaled by 
unautocorrelated stochastic processes, one would at a significance level of 5% expect to find 
around 77 (5% of 1547) significant coefficients. In reality, there were a few more coefficients 
significant: namely 90. At a significance level of 1%, one would expect to find about 15 (1% of 
1547) significant coefficients. In reality, only 12 were significant at the 1% level. These numbers 
of significant outcomes may be considered in line with the idea that the error processes are not 
autocorrelated. 
This idea is further sustained by the outcomes of the portmanteau tests for autocorrelation. 
The results were as follows. The Ljung-Box test yielded at a significance level of 5% significant 
outcomes for 10 of the 119 bonds. At the 1% level this happened 5 times. These numbers are 
perhaps somewhat at the high side. On the other hand the Godfrey test produced lower total 
numbers of significant statistics: 4 in case of the 5% significance level, and only 2 in case of the 
1% level.25 
To conclude, it is acceptable that the empirical results of this section are in line with the 
idea that a bond's excess-returns are not autocorrelated. This further supports the EMH, 
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provided, of course, that the normal return model (27) forms a reasonably accurate description 
of reality. 
6 SUMMARY 
The weak form of the efficiënt market hypothesis (EMH) states that security prices always 
fully reflect the information contained in historie prices. Tests of this hypothesis usually focus on 
the autocorrelation qualifications of time series with forecasting errors supposed to be made by 
the market. These forecasting errors must be estimated. Therefore tests of the weak form of the 
EMH, as well as any other test of the EMH, do not only test the efficiency of the market, but 
at the same time they also test the validity of the equilibrium model assumed to be used by the 
market. In this study, it was assumed that the market attains equilibrium on the basis of the 
pure expectations hypothesis (possibly adjusted for the presence of risk premiums) for the term 
structure of interest rates. 
The combination of the EMH and the assumed equilibrium pricing theory resulted into 
three different rational expectations hypotheses: one dealing with the behavior of interest indices, 
one dealing with the behavior of return indices and one dealing with the behavior of individual 
bond returns. Though these rational expectations hypotheses are different, they are not 
independent from one another. They are different implications of in large lines the same sets of 
assumptions. Therefore the tests in this study of the three rational expectations hypotheses may 
not be viewed as independent tests. 
The rational expectations hypothesis derived with regard to the interest indices is a 
martingale model. Basically the model states that for a gjven term to maturity the current 
interest rate forms the best possible forecast of the interest rate in the future. One of the 
testable implications of the martingale model is that past interest changes are not useful when 
making a forecast of the future interest rate. The other two rational expectations hypotheses 
have as testable implications that past excess-returns are of no use when forecasting future 
holding period returns. 
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The available sample data on the Dutch govemment bond market were used to examine the 
empirical relevancy of these implications. This happened by means of autocorrelation tests. 
Because an incorrectly specified variance function effects directly the autocorrelation tests, 
considerable effort was undertaken to model the time-dependent conditional Standard deviations 
of the interest changes and excess-retums. 
The given evidence makes it difficult to reject the assumption that past interest changes and 
past excess-retums cannot be used (in a linear forecasting sense) for obtaining above-normal 
returns in the future. This strongly supports the view that the Dutch govemment bond market is 
a market which is efficiënt, at least in the weak form sense. 
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APPENDIX 
ESTIMATÏON PROCEDURES 
All estimated regression equations are either of the general linear homoscedastic fonn 
m 
(I): yt - S (ft.^) + U t (t = 1A....N) 
i=l 
or they are of the general linear heteroscedastic fonn 
m 
(H): yt = S 0 9 ^ ) + wt.Ut (t = 1A.....N) 
Minimal requirements made in the main text regarding the disturbances or forecasting enors, 
i.e. the Ut's in (I) and (II), are that the disturbance process is at least weaMy stationary and 
linear with an (unconditional) zero-expectation and a finite variance. 
Equations of the form (I) were estimated by means of the ordinary least squares method 
(OLS). The weighted least squares method (WLS) was employed for the estimation of equations 
of the form (II). That is: a) they were first transfonned to the general form (I) by dividing the 
left and right hand side tenns in (II) by wt and b) the transformed model was then estimated by 
means of OLS. 
Note: in case of equations of the form (II), the misspecification tests for heteroscedasticity 
and non-normality (to be described below), as well as those for autoconelation (described in the 
main text) were all applied to the transformed equations of the general form (I). 
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As in the main text, the estimated value for U t is below designated as the residual et. 
MISSPECIFICATION TESTS FOR HETEROSCEDASTICITY AND FOR NON-NORMALITY 
Tables A to D at the end of this appendix list the outcomes with respect to the analyses in 
sections 3 and 4 of the main text. As remarked in section 5, lack of space prevents us to report 
the test outcomes regarding the analyses of the individual bond returns. The tests are briefly 
described below. 
Heteroscedasticitv 
Carried out were the following tests: 
a) A test as proposed by Koenker (1981) for a single variable. This variable, let us indicate it 
with Zj, is possibly falsely omitted from the variance function. The test is a modification of a test 
derived by Breusch and Pagan (1979). Both tests assume a normally distributed disturbance 
process, but Koenker's test is more robust for a non-normal kurtosis of the residuals. Koenker's 
test is of the Lagrange multiplier type. lts statistic is computed as N.R2, where R2 is the 
coëfficiënt of determination of the auxiliary regression: 
(et)2 = CQ + c ^ (t = 1A-....N). 
Under the null hypothesis that Zj does not belong to the variance function, the test statistic 
asymptotically follows the chi-squared distribution with 1 degree of freedom. 
The statistic was computed for various different variables Zg. With respect to the interest 
index and return index equations (in sections 3 and 4 in the main text), the statistic was for a 
given maturity segment i computed for the following four variables: Rj
 ul, D= t . j , DRj ul (a short 
hand notation of the product of Djt_j and Rj^j), and M= ul. 
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With respect to the individual bond return equations, the statistic was for a given individual 
bond j computed for the following eight variables: M*
 t.lf D-u l , R58t.j, D: ^1*38,.!, S= t.1( 
Dj.t-i-Sj.t.!, Y ^ and D ^ . Y ^ . 
b) Engle's (1982) test for an ARCH(p) model Such a model assümes that the variance function 
depends on the actual sizes of the last few disturbances. The test is also of the Lagrange 
multiplier type and it assumes normally distributed disturbances. The statistic is computed as 
N.R2, where R2 is the coëfficiënt of determination of the auxiliary regression: 
(et)2 = eg + Cj-Ce^)2 + ..... + cp.(et.p)2 (t = p+l,p+2,....,N). 
Under the null hypothesis of homoscedasticity the asymptotic distribution of the statistic is the 
chi-squared distribution with p degrees of freedom. The statistic was computed for p ranging 
from 1 to 6. 
c) The Ljung-Box (1978) portmanteau test for autocorrelation as described in the main text (see 
section 2) applied not to the series with the e, residuals, but to the series with the squared 
residuals, i e . the series with the (et)2. This kind of test is suggested by the work by McLeod 
and IJ (1983), as well as by Taylor (1986). The test requires that the disturbance process does 
not only possess a finite variance, but a finite kurtosis too. Normality is not required. Just like in 
the main text the statistic was computed for a maximum lag length of 13, so that the statistic is 
asymptotically chi-squared distributed with 13 degrees of freedom, provided the null hypothesis 
of homoscedasticity is true. 
Non-normalitv 
Applied were the tests derived by Kiefer and Salmon (1983). Three test statistics were 
computed: one for skewness, one for kurtosis and a joint statistic based on the asymptotic 
independence of the first two. 
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The skewness and kurtosis statistics are based on the disturbances' third and fourth moment 
respectively, estimated by utilizing the et's. Lack of space forbids us to give the formulas here, 
so that the reader is referred to Kiefer and Sahnon (1983). Kroon (1990) gives the formulas too. 
Supplied with their appropriate sign, the square roots of the skewness and kurtosis statistics 
actually derived by Kiefer and Sahnon are reported. This is done in order to show the nature of 
the observed non-normality. A positive (negative) sign of the skewness statistic indicates positive 
(negative) skewness, whereas a positive (negative) kurtosis statistic indicates a leptokurtic or fat-
tailed (thin-tailed) distribution. Under normality the reported skewness and kurtosis statistics 
both asymptotically follow the Standard normal distribution. 
The joint statistic is simply calculated as the sum of the squares of the skewness and 
kurtosis statistics. Under the null hypothesis of normality the joint statistic is asymptotically 
distributed as the chi-squared distribution with 2 degrees of freedom. 
LIST OF THE MAIN SYMBOLS 
Vt-1 
R i,t-i 
D: M-l 
M; M-l 
^ t 
- n-period interest rate at t-1 V i 
= 1-period interest rate for the i* DJ,t-l 
period after t-1 Mj,t-l 
= the deterministic risk premium for 
*» 
an n-period loan 
= interest index segment i at t-1 V i 
= duration index segment i at t-1 
- term to maturity index segment i UM 
at t-1 
= holding period return index seg- UJ,t 
ment i dur ing period t 
= bond's j yield to maturity at t-1 
- bond's j duration at t-1 
= bond's j term to maturity at t-1 
= bond's j holding period return 
for period t 
- Yj
 t_! - R58t.i (i.e. bond's j yield 
spread at t-1 
= the market's forecasting error for 
segment i and period t 
= the market's forecasting error for 
bond j and period t 
-- 41 -
TABLES A TO D 
Table A: Kaaulta of nLaapecification taste for equationa (7), 
(8) and (9) for tha 58 aeturlty aagoant (data aat 1; II - 221). 
TEST 8TATZSTICS 
EQOATIOH 
(7) (8) (9) 
HETEROSCEDASTXCITY 
Koeakers K^
 t_j 
» * i . t - i 
"i.t-l 
ARCH(p)i p-1 
p-2 
p-3 
p-4 
p-5 
p-6 
Ljung-Box 
9.701 
6.95# 
8.181 
.51 
.04 
12.191 
12.181 
12.07* 
12.01* 
12.40 
17.08 
.36 
1.24 
.12 
.52 
.05 
3.76 
4.42 
4.91 
5.62 
6.01 
13.81 
.71 
1.59 
.35 
.50 
.06 
4.63 
5.17 
5.32 
5.99 
6.53 
14.58 
JJON-HORMALITY 
Kiefer-Salooa: ekevneae 
kurtoK^s 
Joint 
1.98* 
6.89f 
51.351 
4.06# 
5.07# 
42.18# 
2.91f 
4.301 
26.96# 
Table Bi Kaaulta of mteepecification taata for aquation (9) for the four aaturlty 
aegoenta (data aata 1 and 2). 
TEST STATISTICS 
DATA SET 1 DATA SET 2 
MATDKITT SEGMEHT 1 MATDR. SEGMENT i 
03 
(H-106) 
35 
(H-157) 
58 
(N-221) 
8G 
(H-221) 
35 
(H-209) 
58 
(H-273) 
HETEROSCEDASTICITY 
Koankar: K^
 t_1 
Hi,t-1 
3.90* 
5.03* 
.18 
5.92* 
.69 
.16 
.38 
.86 
.71 
1.59 
1.59 
.50 
2.25 
1.75 
.26 
1.23 
1.50 
n.a. 
a.a. 
n.a. 
1.31 
n.a. 
n.a. 
n.a. 
ARCB(p): p-1 
p-2 
p-3 
p-4 
p-5 
p-6 
.88 
4.08 
4.26 
7.07 
7.31 
7.97 
.22 
2.10 
5.04 
5.51 
6.94 
8.30 
.06 
4.63 
5.17 
5.32 
5.99 
6.53 
.13 
4.10 
4.09 
4.04 
4.09 
5.31 
.53 
3.68 
7.63 
8.05 
9.66 
11.86 
.16 
5.42 
6.06 
6.15 
6.96 
7.70 
Ljung-Box 15.13 11.45 14.58 12.31 14.16 15.41 
H0N-H0KMALITY 
Kiefer-Selaont ekevneea 
kurtoeie 
joint 
.60 
.74 
.91 
1.45 
4.09# 
18.83f 
2.91# 
4.301 
26.96f 
2.70# 
4.53f 
27.851 
1.38 
5.01f 
26.96# 
2.881 
4.46f 
28.161 
Notaa: 
* denotee aignlficance at tha 5Z lavel (but not at tha IZ lavel) 
# denotea aignlficanca at the IZ lavel 
EQOATIOH (7)» ^*i,t " " * °. 
EQUATI0H (8)1 ^*i,t'Ri,t-l " ° + °: 
EQOATIOH (9)! LBOtj j./*^ ,._!> " ° * ü 
i,t 
i.t 
'i.t 
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Tabla C: Raaulta of aiaapaclfication taata for oquationa 
(14), (23) and (24) for tha 58 aaturlty aagnant (H « 221). 
TEST STATISTICS 
EQUATION 
(1«) (23) (24) 
HETEROSCEDASTICITY 
Koankar: R^
 t_j 
DR
.i.t-l 
•i.t-1 
ARCH(p)l p-1 
p-2 
p-3 
P-* 
P-5 
p-6 
Ljung-Box 
6.89# 
3.81 
6.31* 
.06 
.28 
10.53# 
10.49* 
10.52* 
10.47* 
10.87 
16.76 
.00 
.08 
.00 
.03 
.23 
3.18 
3.84 
4.09 
4.70 
5.12 
13.11 
.29 
.95 
.11 
.46 
.11 
3.54 
3.92 
4.22 
4.76 
5.30 
12.81 
NON-rTORMALITY 
Kiafar-Salnon: akawnaaa 
kurtoaia 
joint 
-2.91# 
5.82f 
42.29* 
-4.18# 
4.37# 
36.52f 
-4.06f 
4.45f 
36.311 
Tabla Ds Raaulta of aiaapaclfication taata for aquatlon (24) 
for tha four aaturlty aagaanta. 
TEST STATISTICS 
MATURITÏ SEGMENT i 
03 
(H-106) 
35 
(11-157) 
58 
(H-221) 
86 
(H-221) 
HETEROSCEDASTICITT 
Koankar: R^
 t_j^ 
Di!t-1 
DRi.t-1 
Hi,t-1 
ARCH(p): p-1 
p-2 
p-3 
p-4 
P-5 
p-6 
Ljung-Box 
1.25 
1.42 
.09 
2.38 
.25 
2.27 
2.53 
3.67 
3.70 
4.46 
11.16 
.54 
.31 
.25 
.97 
.26 
2.46 
4.55 
4.74 
6.04 
6.54 
11.06 
.29 
.95 
.11 
.46 
.11 
3.54 
3.92 
4.22 
4.76 
5.30 
12.81 
1.88 
1.83 
.13 
1.38 
.00 
2.45 
2.45 
2.45 
2.60 
4.10 
11.71 
HON-HORMALITY 
Kiafar-Salaon: akawnaaa 
kurtoaia 
joint 
-1.19 
1.15 
2.72 
-3.19# 
5.511 
40.55; 
-4.06f 
4.4Sf 
36.31f 
-3.72# 
4.761 
36.51* 
Notae: 
* danotaa aignlficanca at tha 5X laval (but not at tha IX lavel) 
# danotaa aignlficanca at tha 1Z laval 
EQUATION (14): X i t - a + p . * i t - i + VL t 
EQDATI0H (23): X i t - a + 0.Riit-l + *i.,t-l*°i,t 
EQUATIOH (24): Xi#t - a * fi.^^-i * »i,t-l'*i,t-l'Di,t 
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FOOTNOTES 
1. These turnovers are measured in terms of market values. However selling and buying orders 
are both counted as turnovers! 
2. The data take account of the influences of accrued coupon interest and, when relevant, of 
partial redemptions by the Dutch state of the face value by means of the yearly random draws. 
3. The coraputed durations are the so-called Fisher and Weil (1971) duration measure, which 
works with interest rates in the discounting factors. The simplifying assumption was made that 
the term structure was flat on each time moment in the sample. With regard to a given time 
moment in the sample several alternative estimates of the level of the flat term structure were 
used, resulting into several alternative (and in general almost identical) duration measures for a 
given bond. First of all the elements of the interest index for the maturity class 5 to 8 years 
were used as estimates of the flat term structure levels. The durations based on these interest 
estimates were used in the construction of the duration index for the 5 to 8 years segment. 
Because of practical reasons these durations were also used in the analyses (in section 5) 
regarding the behavior of the individual bond returns. The computations of the duration indices 
for the segments 0 to 3 years, 3 to 5 years, and 8 years or greater were based on individual 
bond durations determined by using each time the interest index figures of the specific maturity 
class in question. 
4. The construction method is described in detail in the CBS-publication: "Rendement op de 
Obligatiemarkt", 's Gravenhage, SDU/uitgeverij, 1989. Rietzschel (1989) gives a short overview of 
the new method. 
5. Actually, following Cox, Ingersoll and Ross (1981), it would be better to speak here of the 
unbiased form of the pure expectations hypothesis. 
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6. The appendix to this article contains a list with the main symbols used in this article. 
7. The assumption of constant risk premiums can be relaxed without causing essential changes 
in the theoretical conclusions which follow in the main text. The reader is refferred to Kroon 
(1990, chapter 4) for further details. As a matter of interest, in a recent study about the Dutch 
government bond market by Schotman (1989) the results indicate the existence of small risk 
premiums which fluctuate only very moderately through the (calendar) time. 
8. Of course even if the martingale model is not true, the situation in which a is unequal to 
zero is hard to imagine in reality. This would mean that on the average, interest rates are either 
increasing for ever or decreasing for ever. Anyway with regard to our sample data for the 03-, 
35-, 58- and 8G-segments the average interest changes were found to be equal to: -.004 
(t = -.11, N = 106), -.008 (t = -.25, N = 157), -.006 (t = -29, N = 221) and -.006 (t = -.28, N 
= 221) respectively (t-values and sample sizes between brackets). Relying on the large sample 
properties of the t-test, one may safely conclude that the observed average changes are indeed 
statistically indifferent from zero. 
9. This is not astonishing given the fact that contemporary changes in the interest indices are 
highly correlated across the four maturity segments. The six computed cross-correlation coeffi-
cients of the first differences between the interest indices vary between a minimum of .70 (in the 
case of the 03- and 8G-segments) and a maximum of .97 (in the case of the 58- and 8G-
segments). 
10. Of course (6) also requires that a in (8) must be equal to 0 and that, with respect to (9), 
Q' times the unconditional expectation for exp(U^) must be equal to one. This is so in order to 
assure that R i t .j is an unbiased forecast of R i t. However this issue was already sufficiently dealt 
with earlier (see footnote 8). Therefore the mentioned requirements can be safely accepted to 
be true and there is no need to digress any further on this issue. 
X 
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11. Under the assumption that the error distribution belongs to the Pearson family (which 
includes the normal distribution), Jarque and Bera (1980) derive a portmanteau test of the 
Lagrange multiplier type which is identical to the portmanteau test by Box and Pierce (1970). 
The Box-Pierce statistic is computed as N.E(rk) and is thus asymptotically equivalent with the 
Ljung-Box statistic On the other hand Godfrey (1978a) shows that his test is also asymptotically 
equivalent with the Box-Pierce test. 
12. The relation between the Standard deviation of the errors in (7) and R,
 t-1 turned out to be 
somewhat more pronounced than in case of data set 1. The Koenker statistics with regard to 
RJJ.J are now 11.99 (as opposed to 7.80 in data set 1) and 1332 (as opposed to 9.70 in data set 
1) for the 35- and 58-segments respectively. 
By the way, the estimates of a in (7) are now .006 (t= .26, N = 209) and .004 (t = .20, N 
= 273) for the 35- and 58- segments respectively. Once more this confirms that the martingale 
model produces unbiased forecasts. 
13. In the remainder of this article the rates of return are expressed as continuously com-
pounded rates. 
14. The t-values belonging to the formal tests of HQ: 7 = -1 are for the 03- to 8G-segments: 
+4.90, +4.47, +1.86, and +8.44, respectively. 
15. Still another finding of interest is the following. When in equation (17) the third term at 
the right hand side is skipped, the (adjusted) R2-statistic turns out to be rather low. The R2-
statistics are then for the 03- to 8G-segments: 7.5%, 4.0%, 2.8% and 1.8% respectively. These 
findings are in line with the relatively low t-values of the /3-estimates in table 2 in relation to the 
t-values of the 7-estimates. Thus on an ex-ante basis, only a relatively small part of the variation 
in Xj
 t is explained by R; t . j - By the way the finding that the R -statistics above decline with the 
term to maturity of the segments must be explained from the fact that the total variance of the 
return indices increase with the term to maturity of the segments (see also table 1). 
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16. Computations demonstrated the following cross-correlation coefficients between the IL ,'s in 
(24) and those in (9): -.957 for the 03-segment, -.960 for the 35-segment, -.990 for the 58-
segment and -.994 for the 8G-segment. 
17. The R2-statistic is not reported, because it does not provide insight into the goodness of 
fit. This deals with the fact that, in case of the WLS-method, the conventional R2-statistic is not 
bounded to lie between 0% and 100%, because the transformed OLS-regression equation does 
not include a contant intercept term. However the information in footnote 15 gives some 
impression of the goodness of fit, but one should be aware that the R2-statistics reported there 
were based on equations estimated by means of OLS (thus assuming a homoscedastic disturb-
ance process). 
18. The reader is referred to Kroon (1990, chapter 10) for a more extensive description of the 
results. 
19. Remark that (13) is consistent with (26). If one determines the normal return of the 
portfolio underlying a gjven segment i by weighting (on the basis of market values) the 
individual normal returns, expression (13) is obtained. For the bonds making up the portfolio, 
the individual normal returns meant are given by (26). 
20. The phrase 'roughly speaking' is used here, because the next statements in the main text 
assume that the explanatory power of the variables R58,_a and S:ul is so small that it may be 
ignored. This is not completely true. To put things in the right perspective, the model in which 
the two above-mentioned variables (plus a constant term) are used as explanatory variables 
produced (applying OLS, so assuming homoscedasticity) an average R2 of 4.0%. 
21. This is more or less in contrast with the situation for the return indices. See in particular 
equations (21) to (24). Unlike the durations of the portfolios underlying the return indices, the 
durations of an individual bond decline systematically as time progresses. 
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22. Recall that this relationship between the Standard deviation of AR58t and R5StA was 
empirically established in section 2. The assumption that there is a similar kind of relationship 
between AS:
 t and R58t.a is an ad hoc one. It is motivated here by the fact that it leads to a test 
equation of the EMH which can be estimated by means of the simple WLS-technique. As a 
possible justification of this ad hoc assumption regarding AS-1, the fact may serve that for the 
average bond the right hand side of (29) is dominated by its first term. As a result any 
assumption made with respect to the second term at the right hand side of (29) is then 
relatively unimportant. Furthennore and more importantly, the ad hoc assumption regarding the 
Standard deviation of AS;
 t will be indirectly tested, since the test equation based on this 
assumption will be submitted to misspecification tests for heteroscedasticity. 
23. Namely: 8 Koenker tests (see the appendix for the variables), 6 tests for an ARCH(p)-
model (p=l,2,...,6), and the Ljung-Box test applied to the series with the squared residuals. 
24. With the exception of the only 3 perpetual bonds in the sample. These perpetuals have 
very low R2*statistics for the ex-post model 2, all lying in the neighbourhood of 30%. Hence, 
given the fact that the perpetuals, too, have R2-statistics of almost 100% for the ex-post model 
1, it is obvious that in (29) the yield spread change component is a much more important 
component than the interest rate change component. This might -at least partially- explain why 
we obtained better results for the perpetuals with a test equation of the form: 
Xjt = a + 0X58^ + 7.Sj>t.! + D ^ - C R S l J 2 . ^ 
This test equation, and not (31), was then used for the three perpetuals in the subsequent 
analyses. For ease of brevity whenever the discussion in the main text is referring to equation 
(31), we mean indeed equation (31) for the 116 non-perpetual bonds, but the above-given 
equation is then meant with respect to the 3 perpetuals. 
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25. These 2 Godfrey statistics were with sizes of 2832 and 28.61 only just significant at the 1% 
level. The largest Ljung-Box statistic had a size of 32.82. 
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Table 1: summary statistics index data. 
DATA SET 1 DATA SET 2 
MATURITY SEGMENT i MATUR. SEGMENT i 
03 35 58 8G 35 58 
SAMPLE 
SIZE 
107 time 
moments 
(nov 78/ 
dec 86) 
158 time 
moments 
(dec 74/ 
dec 86) 
222 time 
moments 
(jan 70/ 
dec 86) 
222 time 
moments 
(jan 70/ 
dec 86) 
210 time 
moments 
(dec 74/ 
dec 90) 
274 time 
moments 
(jan 70/ 
dec 90) 
SAMPLE 
AVERAGE 
7.33% 
-.00% 
.61% 
2.12 yr 
1.93 yr 
7.78% 
-.01% 
.69% 
4.17 yr 
3.46 yr 
7.92% 
-.01% 
.67% 
6.61 yr 
5.00 yr 
8.07% 
-.01% 
.66% 
11.05 yr 
7.22 yr 
7.55% 
.01% 
n.a. 
n.a. 
n.a. 
7.73% 
.00% 
n.a. 
n.a. 
n.a. 
R 
AR 
X 
M 
D 
SAMPLE 
ST.DEV. 
1.08% 
.37% 
.65% 
.22 yr 
.18 yr 
1.29% 
.38% 
1.27% 
.20 yr 
.15 yr 
1.24% 
.33% 
1.61% 
.30 yr 
.22 yr 
1.22% 
.31% 
2.11% 
1.22 yr 
.77 yr 
1.33% 
.35% 
n.a. 
n.a. 
n.a. 
1.27% 
.31% 
n.a. 
n.a. 
n.a. 
R 
AR 
X 
M 
D 
Note: the index ngures have the following dimensions 
- the interest indices R: % per annum 
- the return indices X: % per period of 4 weeks 
- the term to maturity indices M: no. of years 
- the duration indices D: no. of years 
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Table 2: empirical results interest equation (9): LN(RLt/R= t.x) = a + Uj 
DATA SET 1 DATA SET 2 
MATÜRITY SEGMENT i MATUR. SEGMENT i 
03 
(N-106) 
35 
(N-157) 
58 
(N-221) 
8G 
(N-221) 
35 
(N-209) 
58 
(N-273) 
ESTIMATE 
-.00065 
(-.14) 
.048 
-.00113 
(-.30) 
.048 
-.00091 
(-.34) 
.040 
-.00083 
(-.34) 
.037 
.00079 
(.26) 
.044 
.00045 
(.19) 
.038 
a 
°u 
'l 
P2 
p3 
'4 
'5 
P6 
P7 
'8 
P9 
'10 
'11 
'12 
'13 
-.04 
.00 
.07 
-.07 
-.09 
-.08 
.01 
-.09 
.15 
.03 
.00 
-.08 
.05 
-.08 
.11 
-.05 
-.10 
-.10 
-.14 
-.02 
.06 
.11 
.07 
-.04 
.09 
-.12 
-.02 
.11 
-.07 
-.05 
-.07 
-.05 
.00 
.02 
.09 
.00 
-.02 
.08 
.02 
.04 
.10 
-.07 
-.07 
-.07 
-.06 
.00 
.01 
.10 
.01 
-.01 
.06 
.03 
-.03 
.11 
-.04 
-.11 
-.09 
-.14* 
-.01 
.07 
.10 
.13 
.00 
.08 
-.09 
.02 
.10 
-.05 . 
-.05 
-.07 
-.07 
.01 
.04 
.08 
.07 
.01 
.08 
.04 
STATIST. 
7.52 
7.47 
17.49 
14.86 
10.24 
10.17 
10.44 
9.52 
21.61 
16.71 
12.76 
10.89 
Ljung-
Box 
Godfrey 
Notes: t-values a between brackets; N = sample size; the Ljung-Box and Godfrey portmanteau 
statistics deal with a maximum lag of 13; for the autocorrelation statistics, significance at the 5% 
level (but not at the 1% level) is denoted by *, none of the autocorrelation statistics is 
significant at the 1% level 
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Table 3: estimation results for the ex-post return equation (17): 
Xjit = a + ^ . R j ^ + 7.DM_1.ARi>t + v i t 
MATURITY 
SEGMENT i N 
ESTIMATES FOR 
a P 7 °y R
2 
03 106 -.040 
(-.36) 
.087 
(5.84) 
-.886 
(-38) 
.163 93.8% 
35 157 .006 
(.04) 
.084 
(4.73) 
-.922 
(-53) 
.284 95.0% 
58 221 - .058 
(-1.00) 
.089 
(12.21) 
-.990 
(-177) 
.132 99.3% 
8G 221 .012 
(.24) 
.077 
(12.39) 
-.970 
(-277) 
.112 99.7% 
Notes: t-values between brackets; R is the coëfficiënt of determination adjusted for the degrees 
of freedom 
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Table 4: empirical results for the ex-ante return equation (24): 
Xy - o + t}£.iM + 7X>i,t-i-ARi,fUi,t 
MATURITY SEGMENT i 
03 35 58 8G 
(N - 106) (N - 157) (N - 221) (N - 221) 
ESTIMATE 
Q - .632 - .947 -1 .221 -1 .285 
( -1 .59) ( -1 .55) ( -1 .76) ( -1 .39) 
fi .169 .209 .238 .240 (3 .03) (2 .58) (2 .66) (2 .07) 
°M .044 .045 .040 .036 
Pl - .01 - . 0 5 .00 .06 
p2 .02 .12 .13 .11 
p3 .07 .02 - . 06 - . 06 
"4 - . 0 3 - . 0 4 - . 0 3 - . 05 
P5 - . 07 - . 0 4 - . 0 4 - . 0 7 
p6 - . 06 - . 1 3 - . 0 3 - . 0 4 
p7 .06 - . 0 5 .01 .00 
p8 - . 1 4 .05 .03 .03 
P9 . 2 1 * .08 .11 .11 
' l O .11 .08 .01 .03 
p l l .00 - . 0 3 .01 .01 
PU - .02 .15 .09 .07 
p13 .11 - . 0 6 .03 .05 
STATISTIC 
Ljung-Box 12.86 13.56 10.28 11.29 
Godfrey 11.97 13.18 11.36 11.07 
Notes: t-values between brackets; the Ljung-Box and Godfrey portmanteau statistics deal with a 
maximum lag of 13; for the autocorrelation statistics, significance at the 5% level (but not at the 
1% level) is denoted by *, none of the autocorrelation statistics is significant at the 1% level 
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Table 5: Averages (over the 119) bonds of the (adjusted) R2-statistics for various types of ex-
post return models for the individual bonds. 
EX-POST 
MODEL 
EXPLANATORY VARIABLES 
&**-! Sj , t-i DJ>t-i-AR58t D J . t - i - A S J i t AR58t ASJ.t 
average 
R2 
1 X X X X 99.9% 
2 X X X 80.6% 
3 X X X 20.3% 
4 X X X X 92.3% 
Notes: the dependent variable is each time X,
 t and the models are estimated including a 
constant term; the crosslet indicates that the variable in question is used as an explanatory 
variable. 
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FIGURE l : THE INTEREST INDICES 
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FIGURE 2: MATURITY PROFILE OF THE FOUR 
MATURITY CLASSES 
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FIGÜRE 3: DURATION PROFILE OF THE FOUR 
MATURITY CLASSES 
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FIGURE 4: THE JTJV-INDEX AND ITS CONDITIONAL 
^ EXPECTATIONS BASED ON EQUATION (24) 
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FIGURE 5: FIRST DIFFERENCES i?J#-INDEX 
LU 
CD 
az 
•z. 
LU 
O (Z 
LU 
CL 
0 
-2 
I I 
t i l l 
/. r.:iii IL II !H Ma MJi gil! I l ü 
ÏT TfifFp I f !. •">!! t ! !U 1 fl ¥ f 
'70 '72 '74 
I I I 1 L 
'76 '78 '80 '82 '84 '86 '88 
t t i i i i i i t i 
J kkê 
/ » ; . i •; • jii; 
J i i_ '80 
0 13 39 65 91 117 143 169 195 221 247 273 
TIME INDEX (4-WEEKLY PERIODS) 
